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Description 

[0001] This invention relates to the fabrication of op- 
tical waveguides. 

[0002 J One known technique for fabricating optical s 
waveguides is the so-called direct bonding (or direct in- 
terfacial bonding) technique. 

[0003] Direct bonding (DB) is a fabrication technique 
that uses the Van der Waals forces present when two 
atomically flat bodies approach each other to create a 
bond between two bodies. If the bodies are laminas of 
optical material having appropriate refractive indices, 
the material laminas can be joined to form waveguiding 
boundaries. 

[0004] In one established way to form such a bond the 
surfaces of two pieces of optical material are polished 
so as to be very flat (i.e. substantially flat at atomic di- 
mensions). The crystalline structures of the two polished 
faces are preferably aligned with each other and the pol- 
ished faces are pressed together. A heat treatment can 
be useful to encourage a pyroelectric effect and the ex- 
change of electrons between the two surfaces. This 
gives rise to an electrostatic attraction between the two 
surfaces, which tends to expel any remaining air or liquid 
from between the two surfaces. A final annealing step 
can improve the bond strength further. 
[0005] A DB bond can be formed irrespective of the 
lattice constants and orientation of the bodies involved 
and causes no degradation on the crystalline micro- 
structure or either material. By contacting surfaces in 
such a non-destructive way, DB preserves the bulk char- 
acteristics of each bonded material whilst avoiding pos- 
sible problems caused by lattice defects, such as in- 
creased propagation loss and optical damage. 
[0006] EP-0598395 describes forming an optical 
waveguide device by direct bonding of a support sub- 
strate and a low refractive index layer on a glass sub- 
strate, then etching the glass substrate. 
[0007] This invention provides an optical waveguide 
comprising at least a guiding lamina of optical material 
bonded by direct interfacial bonding to a superstructure 
lamina of optical material, in which regions of the guiding 
lamina have modified optical properties so as to define 
a light guiding path along the guiding lamina character- 
ised in that the waveguide further comprises a second 
superstructure lamina bonded by direct interfacial bond- 
ing to the guiding lamina. The two superstructure lami- 
nae have refractive indices selected to provide optica! 
confinement in the light guiding path in the direction per- 
pendicular to the laminae. 

[0008] The invention recognises and addresses the 
shortcomings of previous proposals for the use of DB 
structures in optical waveguides. In such previous pro- 
posals, a flat lamina of a material having a raised refrac- 
tive index (forming a waveguide "core") is bonded be- 
tween two laminas of material having a lower refractive 
index (forming a waveguide "superstructure"). While 
this provided a bulk guiding structure, the large lateral 



dimension of the flat "core" lamina meant that the ar- 
rangement was not useful for many waveguiding appli- 
cations or as a single-mode waveguide. 
[0009] In contrast, in the invention, regions of the core 
lamina have modified optical properties so as to define 
a light guiding path along the core lamina. This can give 
a greatly increased flexibility of use and allow the guid- 
ing path to be much more tightly defined than in previous 
arrangements. 

[0010] Although the method is suitable for use with 
many types of materials, such as glasses, it is preferred 
that the core lamina is a ferroelectric material, allowing 
the modified regions to be generated by electrical pol- 
ing. 

[001 1 ] A particularly useful ferroelectric material hav- 
ing well-studied optical and electrical properties, is pe- 
riodically poled lithium niobate (PPLN). PPLN combines 
a large non-linear coefficient, a widely-controllable 
phase-matching wavelength, and zero walk-off charac- 
teristics that make it an ideal material to achieve quasi- 
phase matching (QPM) for non-linearfrequency conver- 
sion. With recent improvements in the efficiency of sec- 
ond-harmonic generation (SHG) within PPLN sub- 
strates, it is recognised in the present invention that the 
use of such a material in an appropriate waveguide ge- 
ometry formed using the invention can provide a reali- 
sation of various compact non-linear devices based on 
harmonic or parametric generation. 
[0012] The present method is particularly appropriate 
for use with PPLN, and has several advantages over 
other techniques for fabricating waveguides using 
PPLN such as the so-called "annealed proton ex- 
change" technique and the "titanium indiffusion" tech- 
nique, both of which act on a single PPLN crystal and 
modify the crystal near the surface in order to create re- 
gions of higher refractive index for optical confinement. 
[0013] Previous experiments investigating the bond- 
ing characteristics of PPLN have been directed towards 
fabricating thick multi-laminated stacks of the material 
for a large physical aperture, and thus high power ap- 
plications. In contrast, creating a sufficiently thin lamina 
of PPLN increases the average pump intensity applied 
to the domain-inverted structure via optical confine- 
ment, and thus allows efficient SHG even at low pump 
powers. Fabrication of such a device is obtainable by 
bonding PPLN onto a suitable substrate before preci- 
sion polishing down to waveguide dimensions, a meth- 
od which has already been demonstrated in the produc- 
tion of LiNb0 3 planar waveguides for electro-optic ap- 
plications. One of the primary attractions offered by this 
technique is that the non-linearity and domain charac- 
teristics of the PPLN structure after bonding should re- 
main unchanged from the bulk material - a combination 
that annealed proton exchange and Ti indiffusion meth- 
ods are close to achieving, but not yet at their full theo- 
retical efficiencies. A further advantage of the present 
method is the extra flexibility available when designing 
devices, as combinations of multiple laminas with differ- 
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ent material properties are now possible. 
[0014] Viewed from a second aspect this invention 
provides a method of fabricating an optical waveguide, 
the method comprising the steps of: 

(a) bonding, by direct interfacial bonding, a guiding 
lamina of optical material to a superstructure lamina 
of optical material; 

(b) before, during or after step (a), modifying optical 
properties of regions of the guiding lamina so as to 
define a light guiding path along the guiding lamina; 
characterised in that the method further comprises 
the steps of: 

(c) after steps (a) and (b), removing material from 
the guiding lamina to reduce the thickness of the 
guiding lamina (10); and 

(d) after step (c), bonding, by direct interfacial bond- 
ing, a further superstructure lamina (20) to the guid- 
ing lamina. 

The two superstructure laminae have refractive indices 
selected to provide optical confinement in the light guid- 
ing path in the direction perpendicular to the laminae. 
[001 5] Embodiments of the inventions will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings in which: 

Figure 1 is a schematic diagram of a waveguide 
formed using a lamina of PPLN bonded between 
two laminas of lithium tantalate; 
Figure 2 schematically illustrates a second harmon- 
ic generator using the waveguide of Figure 1 ; 
Figure 3 is a graph relating the square root of sec- 
ond harmonic power to launch power for the appa- 
ratus of Figure 2; 

Figures 4 and 5 are schematic diagrams illustrating 
the fabrication of a waveguide according to an em- 
bodiment of the invention using an indiffusion tech- 
nique; and 

Figure 6 schematically illustrates a waveguide ac- 
cording to a further embodiment of the invention. 

[0016] In the following description, preparation and 
use of an example waveguide as a second harmonic 
generator will first be described with reference to Fig- 
ures 1 to 3. Then, other waveguides also forming em- 
bodiments of the invention will be described. 
[0017] Figure 1 schematically illustrates a waveguide 
formed as a directly bonded sandwich of a lamina 1 0 of 
PPLN between two laminas 20 of lithium tantalate 
(LiTa0 3 ). 

[0018] The PPLN lamina 10 is in the form of a PPLN 
grating, in that the lithium niobate (LiNb0 3 ) material is 
poled in a periodic, "striped" arrangement. These 
"stripes" of alternately poled regions in the lithium nio- 
bate material are shown schematically in Figure 1 as 
alternate black and white stripes, although it will be ap- 
preciated that in reality the periodic poling structure 



would almost certainly not be detectable by the human 
eye. 

[0019] Production of the PPLN grating began with a 
0.5-mm-thick single domain z-cut LiNb0 3 sample of 
about 15 mm x 15 mm surface area. A photoresist pat- 
tern was created on the z-face of the crystal by photoli- 
thography. This formed regions on the crystal surface 
which are covered by an electrical insulator, and regions 
which are not so covered. A liquid electrode was then 
applied to the partially insulated surface, and domain in- 
version in the z-axis was performed at room tempera- 
ture by the application of a single high voltage pulse of 
~ 11 kV through the liquid electrode. This resulted in 
three 5.5-mm-long PPLN gratings, positioned in the 
centre of the UNb0 3 sample at I mm intervals. Grating 
periods of 6.58, 6.50, and 6.38 prn were created, the 
first two of which are suitable for frequency doubling of 
a Nd:YAG laser operating at 1 064 nm. 
[0020] LiTa0 3 was chosen as a suitable material for 
both the substrate and superstructure laminas as it com- 
bines thermal characteristics that are a good match for 
LiNb0 3 , an important pre-requisite when annealing 
bonds at high temperatures, together with a refractive 
index lower than that of LiNb0 3 . 
[0021] Each LiTa0 3 substrate was 0.5-mm-thick and 
shaped relative to the PPLN sample to provide a bond- 
ing area of about 12mm x 1 0 mm between the two op- 
tically flat surfaces. To form a bond between an LiTa0 3 
substrate and the PPLN grating, the two materials were 
first cleaned, then a mixture of H 2 0 2 -NH 4 OH-H 2 0 (1 :1 : 
6) was applied to-both materials, followed by several 
minutes of rinsing in de-ionised water, in order to render 
their surfaces hydrophilic. 

[0022] Contacting of the PPLN and LiTa0 3 laminas 
was performed at room temperature with both samples 
aligned along the same crystalline orientation. A heat 
treatment of 120°C immediately followed crystal contact 
to induce the pyroelectric effect at the DB interface. The 
resultant electrostatic attraction forced any excess air 
or liquid from between the two surfaces, whilst bringing 
them close enough to encourage the formation of hy- 
drogen bonds. This effect was evident by the elimination 
of most contact fringes at the crystal interface. Anneal- 
ing of the bonded sample at 320°C for 6 hours provided 
a bond strength sufficient for further machining, and the 
PPLN region was lapped down to obtain a waveguiding 
lamina of 12-|im-thickness. 

[0023] The second superstructure lamina of LiTa0 3 
was then added as above. The final DB structure includ- 
ed bonded interfaces of about 12mm x 10 mm above 
and below the PPLN core, although evidence of small 
unbonded regions at the edges of the sample were de- 
tected by the presence of optical fringes. The unneces- 
sary material surrounding the gratings was later re- 
moved using dicing equipment and the waveguide end- 
faces were then polished to a parallel optical finish. Di- 
mensions of the resulting buried PPLN planar structure 
are given schematically in Figure 1 . 
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[0024] An upper limit for the value of the propagation 
loss of the waveguide structure was found by measuring 
the transmission of a 1064 nm laser beam when end- 
launched into the waveguide. It was noted that the trans- 
mission changed between the PPLN and unpoled 
LiNb0 3 sections, although this was not due to SHG. The 
launch from a microscope objective was empirically op- 
timised for each region and maximum transmissions of 
81% were found at the edges of the poled regions 
(where the best SHG occurred) and throughout the un- 
poled LiNbO a sections, whilst 65% transmission was 
obtained at the centre of the PPLN region. Thus, taking 
into account the 5.5-mm-length of the grating, an upper- 
limit to the propagation loss in each section can be 
placed as 1 .7 dB cm -1 for the PPLN edges and unpoled 
LiNb0 3 regions, and 3.4 dB^' 1 for the central PPLN 
region. In reality, these transmission figures also include 
a certain loss due to non-perfect launching and so the 
propagation losses are likely to be much lower. Indeed, 
DB waveguides in garnets and glasses for laser appli- 
cations have shown losses of M).5 dB cm' 1 and less. 
[0025] To test the non-linear properties of the buried 
PPLN structure, the SHG characteristics of the 6.50 u.m 
grating were investigated. This grating, which occupied 
the middle section of the PPLN waveguide, successfully 
suppressed the photorefractive effect at its phase- 
matching temperature of 174.1°C and so was chosen 
for further analysis. The 1064 nm pump source was a 
cw diode-pumped Nd:YAG laser 30 operating with multi- 
axial modes. The linear polarisation state was rotated 
with a half-wave plate (not illustrated) to be parallel with 
the z-axis of the PPLN in order to access the material's 
largest non-linear coefficient (d 33 ). Focusing of the 
pump radiation for launching into the waveguide was 
performed using a combination of microscope objec- 
tives and cylindrical lenses, as shown in Figure 2. In par- 
ticular, the initially circular pump beam was passed 
through a spherical collimating lens 40 and into a x2.4 
cylindrical-lens telescope 50 to produce widening in the 
non-guided direction before being focused onto a poled 
region of the PPLN waveguide device 70 of Figure 1 by 
a x10 microscope objective 60. Such a combination of 
optics was chosen to provide good launch efficiency 
whilst helping to reduce divergence in the horizontal un- 
guided plane. This resulted in a pump source with a line 
focus and measured spot sizes of 4+1 u.m in the guided 
direction and 11±1 pm in the non-guided direction. 
[0026] It should be noted that focusing to a waist in 
the non-guided plane at the input face is not necessarily 
the optimum condition for maximum SHG efficiency. 
However, it was used in this demonstration due to the 
simplicity of having one x10 objective as the focusing 
element instead of a more complicated cylindrical-lens 
launching arrangement. Also, for this initial demonstra- 
tion, both the input and output end-faces of the 
waveguide were polished but left uncoated, leading to 
14% reflection losses at each face. 
[0027] The waveguide device 70 was placed in an ov- 



en 80 to maintain the waveguide's temperature at the 
phase-matching temperature of 174.1°C. 
[0028] A second x10 microscope objective 90 was 
used to collect the transmitted light from the waveguide. 

5 This was followed by an infra-red filter 1 00 to block any 
throughput from the pump beams, allowing the gener- 
ated green output of the PPLN to be measured by an 
optical power meter. For 204 mW of launched pump 
power (A. = 1064 nm), a second-harmonic (SH) power 

10 of 1 ,8 mW [X = 532 nm) was generated internal to the 
crystal. Figure 3 shows a plot of the square root of the 
SH power versus launched pump power, revealing a 
quadratic dependence between the measured values. 
[0029] It should of course be noted that the system of 

'5 Figure 2 is a specific example of an optical parametric 
device. The waveguide would be suitable for use in 
many other such devices. 

[0030] Due to the unusual pumping geometry used 
while testing the PPLN waveguide, any calculation of 

20 the SHG efficiency from the device would be complicat- 
ed. Instead, the most interesting comparison to make is 
with a calculation of the SH power expected from a sim- 
ilar length of bulk PPLN with optimised focusing in the 
centre of the grating. Assuming a non-linear coefficient 

25 of 1 6 pm V" 1 (a value consistent with results in bulk ex- 
periments using similarly produced PPLN gratings), it is 
possible to produce a SH output power of 1 .3 mW in the 
bulk material - a lower result than the 1 .8 mW obtained 
from the direct-bonded waveguide. Therefore, it would 

30 appear that even with non-optimum focusing and only 
one guided dimension, the buried PPLN device shows 
an improved SHG efficiency over the bulk material. 
[0031] Characterisation of the output modes of the 
PPLN waveguide was performed by the use of a video 

35 camera and PC-based evaluation software. Surprising- 
ly, it was observed that both the 1064 nm throughput 
and the SH generated 532 nm radiation from the PPLN 
waveguide were in the fundamental spatial mode, an 
unexpected result for a 12-u.m-thick guide with such a 

40 large index difference (An e « 1 %). Indeed, only by using 
a deliberately poor launch was it possible to excite an- 
ything other than the fundamental mode at 1064 nm. 
Even more unusual was the result that the 1064 nm 
throughput from the unpoled LiNbO a region within the 

45 same buried structure was multi-spatial-mode in nature. 
This clear difference in the mode properties, combined 
with the apparently different transmissions described 
earlier, suggests that the index profile of the PPLN sec- 
tion is different to that of the unpoled LiNb0 3 section. 

so [0032] In summary, for the first embodiment of the in- 
vention these experiments demonstrate the successful 
prototype fabrication of a 1 2-ujn-thick, 5.5-mm-long, 
symmetrical PPLN waveguide buried in LiNb0 3 by DB. 
Using the 6.50-u,m-period PPLN grating at an elevated 

55 temperature of 174°C, an efficient quasi-phase- 
matched frequency doubling of the 1 064 nm line of a cw 
diode-pumped Nd:YAG laser has been demonstrated. 
For 204 mW of fundamental pump power, nearly 2 mW 
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of green power was generated at an output wavelength 
of 532 nm. This result was obtained with non-optimum 
focusing conditions but remains higherthan the theoret- 
ical expectation for a similar length of bulk material. The 
waveguiding properties were shown to be different in the 
PPLN and unpoled LiNb0 3 regions of the sample, with 
the PPLN section showing a surprising single-spatial- 
mode behaviour. These results suggest that the produc- 
tion of longer buried waveguides, potentially incorporat- 
ing channel structures, should lead to highly-efficient 
non-linear devices. With a full characterisation of prop- 
agation losses and effects of strain upon the index pro- 
file, the DB technique should allow extra freedom, and 
hence new device possibilities, in the choice of non-lin- 
ear waveguiding structures. 

[0033] The techniques described above are not limit- 
ed to PPLN, but can be applied to any optically useful 
poled ferroelectric material such as LiTa0 3 , doped 
LiNb0 3 (e.g. Mg- ( Ti- or rare earth doped), strontium bar- 
ium niobate, barium titanate, potassium titanyl phos- 
phate and its isomorphs, polar semiconductors such as 
gallium arsenide and so on. 

[0034] The poling of the PPLN can be carried out be- 
fore, during, between and/or after the bonding stages. 
If the poling is carried out other than before the bonding 
stages and a ferroelectric material is used for the other 
laminas, then those other laminas can also end up being 
poled. This may change the guiding properties of the 
waveguide but does not prevent operation as a 
waveguide. Indeed, the bonding properties may even 
be improved by this measure (orby poling the other lam- 
inas separately). 

[0035] In the example above, a poled area is used to 
define a waveguiding path along the lamina 1 0, but with 
other substrates it may be found that an unpoled lamina 
offers a more appropriate path. 
[0036] It is not necessary to surround the lamina 10 
by two other laminas 20. Instead, one lamina 20 could 
be used, to form an "open sandwich" structure of just 
two laminas. In this case the symmetry of the structure 
would be altered and the guided mode(s) would proba- 
bly be different, but operation as a waveguide would still 
be possible. 

[0037] The thickness of the lamina 1 0 can be altered, 
again altering the nature of the guided mode(s) in the 
waveguide. In this way, a single mode structure can be 
fabricated. 

[0038] Referring now to Figures 4 and 5, a second 
embodiment using an indiffusion technique to define a 
waveguide path will be described. 
[0039] In this second embodiment, a piece of PPLN 
100 is made by the conventional electrical poling meth- 
od. The piece 100 might be, for example, 500(im thick 
and several mm in the other two dimensions. One face 
1 1 0 of the piece 1 00 is patterned with magnesium oxide 
(using a process of photolithography and vacuum evap- 
oration or sputtering). The magnesium oxide lamina is 
less than about 400nm thick, and defines (by the parts 



not covered by the lamina) a waveguide path along the 
piece 100. The piece 100 is then heated to a tempera- 
ture of between about 600°C and about 1200°C. This 
causes the magnesium oxide material to diffuse in and, 
5 in the indiffused regions 1 30, locally lower the refractive 
index. 

[0040] The piece 100 is then bonded, by a direct 
bonding process applied to the face 110, to a LiTa0 3 
substrate (140, Figure 5), before being polished down 
10 to a substantially uniform thickness of between, say, 
about 4u.m and about 40p.m. 

[0041 ] A further magnesium oxide pattern is then de- 
posited on the exposed (newly polished) face of the 
piece 100, and the heat treatment repeated. This caus- 
es es the magnesium oxide to indiffuse from the other side, 
to match the indiffusion from the face 110. Regions 150 
of reduced refractive index are thus formed, defining a 
waveguiding core 160. 

[0042] This technique, or a complementary out-diffu- 
20 sion technique, is applicable not only to other ferroelec- 
tric materials (for examples, see above), but also to any 
substrates whose refractive index can be altered by an 
indiffusion technique, such as various glasses, poly- 
mers and other crystals. The common advantage 
25 shared between all applications of this technique is that 
the guiding region 160 can be formed of unadulterated 
material. 

[0043] Similarly, in all of the embodiments, the "super- 
structure" laminas can be of various materials such as 
30 unpoled LiNb0 3 or other suitable materials from the lists 
above. 

[0044] It is possible to fabricate curved waveguide 
paths using the above techniques. In the case of the first 
embodiment, a poling pattern similar to that shown 

35 schematically in Figure 6 can be used, where a series 
of poled regions form a track 170 which bifurcates as a 
signal splitter. In the case of LiNbO a there is a preferred 
poling direction resulting form the crystal structure, but 
the arrangement of Figure 6 gets around this restriction 

40 to form curved or varying-direction paths using multiple 
displaced poled stripes. 
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Claims 

1 . An optical waveguide comprising at least a guiding 
lamina (1 0) of optical material bonded by direct in- 
terfacial bonding to a superstructure lamina (20) of 
optical material, in which regions of the guiding lam- 
ina have modified optical properties so as to define 
a light guiding path along the guiding lamina (10), 
characterised in that the waveguide further com- 
prises a second superstructure lamina (20) bonded 
by direct interfacial bonding to the guiding lamina, 
the two superstructure laminae (20) having refrac- 
tive indices selected to provide optical confinement 
in the light guiding path in the direction perpendic- 
ular to the laminae. 

2. A waveguide according to claim 1 , in which the guid- 
ing lamina (1 0) is formed of a ferroelectric material. 

3. A waveguide according to claim 2, in which the guid- 
ing lamina is formed of lithium niobate. 

4. A waveguide according to claim 2 or claim 3, in 
which the modified regions are electrically poled re- 
gions of the guiding lamina. 

5. A waveguide according to claim 4, in which the 
modified regions are spatially periodical electrically 
poled regions of the guiding lamina. 

6. A waveguide according to any one of claims 1 to 4, 
in which the modified regions ( 1 30, 1 50) are formed 
by indiffusion of one or more dopant materials into 
the guiding lamina. 



in which at least part of the modified regions form 
the light-guiding path. 

8. A waveguide according to any one of claims 1 to 6, 
5 in which the light guiding path (1 60) is formed of an 
unmodified region of the guiding lamina, the modi- 
fied regions defining boundaries of the light guiding 
path. 

10 9. An optical parametric device comprising: 

a waveguide according to any one of the pre- 
ceding claims; and means for launching an in- 
put optical signal into the waveguide. 

15 

10. A device according to claim 9, comprising: 

an output fitter for filtering light emerging from 
the waveguide to reduce components at the 
20 wavelength of the input optical signal. 

11. A method of fabricating an optical waveguide, the 
method comprising the steps of: 

25 (a) bonding, by direct interfacial bonding, a 

guiding lamina (10) of optical material to a su- 
perstructure lamina (20) of optical material; and 

(b) modifying optical properties of regions (1 30, 
1 50) of the guiding lamina so as to define a light 

30 guiding path along the guiding lamina, charac- 

terised in that the method further comprises 
the steps of: 

(c) after steps (a) and (b), removing material 
from the guiding lamina to reduce the thickness 

35 of the guiding lamina (10); and 

(d) after step (c), bonding, by direct interfacial 
bonding, a further superstructure lamina (20) to 
the guiding lamina, 

40 wherein the superstructure laminae (20) have re- 
fractive indices selected to provide optical confine- 
ment in the light guiding path in the direction per- 
pendicular to the laminae. 

45 12. A method according to claim 11, further comprising: 

(e) before step (a), indiffusing and/or out-diffus- 
ing material to/from one face of the guiding lam- 
ina to modify regions of the guiding lamina, that 

50 face being bonded to the superstructure lamina 

in step (a); and 

(f) before step (d), indiffusing and/or out-diffus- 
ing material to/from the exposed face of the 
guiding lamina to modify regions of the guiding 

55 lamina, that face being bonded to the further 

superstructure lamina in step (d). 



7. 



A waveguide according to any one of claims 1 to 6, 
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Patentanspriiche 

1 . Lichtwellenleiter, der umfaBt: 

mindestens eine dunne Leitschicht (10) aus ei- 
nem optischen Material, die durch direktes 
Grenzflachen-Bonden an eine dunne Uberbau- 
Schicht (20) aus einem optischen Material ge- 
bondet ist, wobei Bereiche der dunnen Leit- 
schicht modifizierte optische Eigenschaften 
aufweisen, wodurch entlang der dunnen Leit- 
schicht (1 0) ein Lichtleitweg vorgegeben ist, 

dadurch gekennzeichnet, da (3 

der Lichtwellenleiter ferner umfaBt: 

eine zweite dunne Uberbau-Schicht (20), die 
durch direktes Grenzflachen-Bonden an die 
dunne Leitschicht gebondet ist, wobei die zwei 
dunnen Oberbau-Schichten (20) Brechungsin- 
dices haben, die so ausgewahlt sind, daft sie 
im Lichtleitweg in der Richtung senkrecht zu 
den dunnen Schichten eine optische Begren- 
zung angeben. 

2. Lichtwellenleiter nach Anspruch 1 , wobei die dunne 
Leitschicht (1 0) aus einem ferroelektrischen Mate- 
rial gebildet ist. 

3. Lichtwellenleiter nach Anspruch 2, wobei die diinne 
Leitschicht (10) aus Lithiumniobat gebildet ist. 

4. Lichtwellenleiter nach Anspruch 2 oder 3, wobei die 
modifizierten Bereiche elektrisch gepolte Bereiche 
der dunnen Leitschicht sind. 

5. Lichtwellenleiter nach Anspruch 4, wobei die modi- 
fizierten Bereiche in raumlichen Abstanden elek- 
trisch gepolte Bereiche der dunnen Leitschicht sind. 

6. Lichtwellenleiter nach einem der Anspruche 1 bis 
4, wobei die modifizierten Bereiche (130, 150) 
durch Eindiffundieren eines oder mehrerer Dotie- 
rungsmaterialien in die diinne Leitschicht ausgebil- 
det sind. 

7. Lichtwellenleiter nach einem der Anspruche 1 bis 
6, wobei zumindest ein Teil der modifizierten Berei- 
che die diinne Leitschicht bildet. 

8. Lichtwellenleiter nach einem der Anspruche 1 bis 
6, wobei der Lichtleitweg (1 60) aus einem nicht mo- 
difizierten Bereich der dunnen Leitschicht gebildet 
ist und die modifizierten Bereiche die Grenzflachen 
des Lichtleitweges vorgeben. 

9. Parametrische optische Vorrichtung, die umfafct: 



einen Lichtwellenleiter gemaB einem der vor- 
hergehenden Anspruche und eine Einrichtung 
zur Einspeisung eines optischen Eingangssi- 
gnals in den Lichtwellenleiter. 

5 

10. Vorrichtung nach Anspruch 9, die umfaBt: 

ein Ausgangsfilter zum Filtern des vom Licht- 
wellenleiter emittierten Lichtes fur eine Redu- 
10 zierung von Komponenten an der Wellenlange 

des optischen Eingangssignals. 

11. Verfahren zur Herstellung eines Lichtwellenleiters 
mit den folgenden Schritten: 

15 

(a) Bonden einer dunnen Leitschicht (10) eines 
optischen Materials durch direktes Grenzfla- 
chen-Bonden unter Ausbildung einer dunnen 
Uberbau-Schicht (20) aus einem optischen Ma- 

20 terial, 

(b) Modifizieren der optischen Eigenschaften 
der Bereiche (130, 150) der dunnen Leit- 
schicht, wodurch entlang der dunnen Leit- 

25 schicht ein Lichtleitweg vorgegeben wird, 

dadurch gekennzeichnet, da& das Verfahren 
ferner folgende Schritte umfaBt: 

(c) nach den Schritten (a) und (b): Entfernen 
30 von Material von der dunnen Leitschicht zur 

Verringerung der Dikke der dunnen Leitschicht 
(10) und 

(d) nach Schritt (c): Bonden einer weiteren diin- 
35 nen UberbauSchicht (20) durch direktes 

Grenzflachen-Bonden auf die diinne Leit- 
schicht, 

wobei die dunnen Oberbau-Schichten (20) Bre- 
40 chungsindices haben, die so ausgewahlt sind, daf3 
sie im Lichtleitweg in der Richtung senkrecht zu den 
dunnen Schichten eine optische Begrenzung ange- 
ben. 

45 12. Verfahren nach Anspruch 11, das ferner umfaBt: 

(e) vor Schritt (a), Eindiffundieren und/oder 
Ausdiffundieren von Material in eine/aus einer 
Flache der dunnen Leitschicht zur Modifizie- 

50 rung von Bereichen der dunnen Leitschicht, 

wobei die Flache im Schritt (a) an die diinne 
Uberbau-Schicht gebondet wird und 

(f) vor Schritt (d), Eindiffundieren und/oder Aus- 
55 diffundieren von Material in die/aus der freige- 

legten Flache der dunnen Leitschicht zurModi- 
fizierung von Bereichen der dunnen Leit- 
schicht, wobei die Flache im Schritt (d) an die 
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weitere Uberbau-Schicht gebondet wird. 



Revendications 

5 

1 . Guide d'ondes optique conrtprenant au moins une 
couche de guidage (10) de materiau optique colle 
par collage interfacial a une couche de superstruc- 
ture (20) de materiau optique, dans lequel les zones 

de la couche de guidage ont des proprietes opti- 10 
ques modifiees de telle sorte a definir un trajet de 
guidage de lumiere le long de la couche de guidage 
(1 0), caracterise en ce que le guide d'ondes com- 
prend en outre une seconde couche de superstruc- 
ture (20) collee par un collage interfacial direct a la is 
couche de guidage, les deux couches de supers- 
tructure (20) ayant des indices de refraction choisis 
pour fournir un confinement optique dans le trajet 
de guidage de lumiere dans le sens perpendiculaire 
aux couches. 20 

2. Guide d'ondes selon la revendication 1 , dans lequel 
la couche de guidage (10) est en materiau ferroe- 
lectrique. 

25 

3. Guide d'ondes selon la revendication 2, dans lequel 
la couche de guidage est en niobate de lithium. 

4. Guide d'ondes selon la revendication 2 ou 3, dans 
lequel les zones modifiees sont des regions polari- 30 
sees electriquement de la couche de guidage. 

5. Guide d'ondes selon la revendication 4, dans lequel 
les zones modifiees sont des zones polarisees 
electriquement periodiquement dans I'espace de la 35 
couche de guidage. 

6. Guide d'ondes selon I'une quelconque des reven- 
dications 1 a 4, dans lequel les zones modifiees 
(130, 150) sont formees par diffusion interne d'un *o 
ou plusieurs materiaux dopants dans la couche de 
guidage. 

7. Guide d'ondes selon I'une quelconque des reven- 
dications 1 a 6, dans lequel au moins une partie des 
zones modifiees forment le trajet de guidage de lu- 
miere. 

8. Guide d'ondes selon I'une quelconque des reven- 
dications 1 a 6, dans lequel le trajet de guidage de 50 
lumiere (160) est forme par une zone non modifiee 

de la couche de guidage, les zones modifiees defi- 
nissant les limites du trajet de guidage de lumiere. 

9. Dispositif parametrique optique comprenant : 55 

un guide d'ondes selon Tune quelconque des 
revendications prec6dentes et des moyens 



pour lancer un signal optique d'entree dans le 
guide d'onde. 

10. Dispositif selon la revendication 9, comprenant : 

un filtre de sortie pour filtrer la lumiere emer- 
geant du guide d'onde pour red u ire tes compo- 
sants a la longueur d'onde du signal optique 
d'entree. 

1 1 . Precede de fabrication d'un guide d'ondes optique : 
le procede comprenant les etapes suivantes : 

(a) collage, par collage interfacial direct, d'une 
couche de guidage (10) de materiau optique a 
une couche de superstructure (20) de materiau 
optique et 

(b) modification des proprietes optiques des zo- 
nes (130, 150) de la couche de guidage de telle 
sorte a definir un trajet de guidage de lumiere 
le long de la couche de guidage, caracterise 
en ce que le procede comprend en outre les 
etapes suivantes : 

(c) apres les etapes (a) et (b), elimination de 
materiau de la couche de guidage pour red u ire 
I'epaisseurde la couche de guidage (10) et 

(d) apres I'etape (c), collage par collage inter- 
facial direct d'une autre couche de superstruc- 
ture (20) a la couche de guidage, 

dans lequel la couche de superstructure (20) 
a des indices de refraction choisis pour fournir un 
confinement optique dans le trajet de guidage de 
lumiere dans le sens perpendiculaire aux couches. 

12. Procede selon la revendication 11 , comprenant en 
outre : 

(e) avant I'etape (a), la diffusion interne et/ou la 
diffusion externe du materiau vers une face de 
la couche de guidage ou a partir de celle-ci pour 
modifier les zones dans la couche de guidage, 
cette face etant collee a la couche de supers- 
tructure lors de I'etape (a) et 

(f) avant I'etape (d), la diffusion interne et/ou la 
diffusion externe du materiau vers la face ex- 
posee de la couche de guidage ou en prove- 
nance de celle-ci pour modifier des zones de la 
couche de guidage, cette face etant collee a 
I'autre couche de superstructure au cours de 
I'etape (d). 
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